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Why stereo photogrammetry?

Why not plain, old photogrammetry?

camera pinhole

camera image plane
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1. Are clouds sticky or slippery?
2. Intro to the latest stereo product: COGS
3. What sets cloud cover?

4. Are clouds thermals or plumes?
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What is the dominant balance
in the
vertical momentum equation
for
mature cloud thermals?




drag




dw/dt

drag ‘




Argument for “slippery”

Slippery Thermals and the Cumulus Entrainment Paradox*

STEVEN C. SHERWOOD, DANIEL HERNANDEZ-DECKERS, AND MAXIME COLIN

Climate Change Research Centre, and ARC Centre of Excellence for Climate System Science,
University of New South Wales, Sydney, New South Wales, Australia

FRANCIS ROBINSON

Department of Geology and Geophysics, Yale University, New Haven, Connecticut

(Manuscript received 1 August 2012, in final form 19 February 2013)

Cloud thermals resemble Hill’s vortex,
and Hill’s vortex feels no drag.




Argument for “sticky”

Sticky Thermals: Evidence for a Dominant Balance between Buoyancy and
Drag in Cloud Updrafts

DAVID M. ROMPS AND ALEXANDER B. CHARN

Department of Earth and Planetary Science, University of California, Berkeley, and Berkeley Earth Sciences Division,
Lawrence Berkeley National Laboratory, Berkeley, California

(Manuscript received 9 February 2015, in final form 30 March 2015)

Hill’s vortex is a solution to inviscid flow.
Objects in real fluids feel drag.
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We get estimates
of buoyancy using
the assumptions of
slippery (cq = 0)
and

sticky (cq =1).
\ )

l

Compare to reported
in-situ observations of
cloud buoyancy

l ( \ \
Measure 1

with —C( Aw2

stereo 2 —

:T\

Assume either |
slippery (c4=0) Measure with
or stereo
sticky (cy=1)



Stereo obs

§ ) | S|lip|oer|y| Sticky |'| In—situ obs| | LES Sticky hypothesis

QN ‘ is consistent with
| . obs and LES, and

S slippery is not

o
N
o

Buoyancy expressed as

0.020 0.050

Romps and Oktem,
GRL (2015)
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Track cloud thermals algorithmically in a large-eddy simulation

Movie credit: Jacob Seeley
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Black lines are actual
cloud trajectories.
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Black lines are actual
cloud trajectories.

If we reconstruct z(t)
using only buoyancy
(slippery hypothesis),
too much
acceleration.



Change in height (km)
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Black lines are actual
cloud trajectories.

If we reconstruct z(t)
using only buoyancy
(slippery hypothesis),
too much
acceleration.

If we use only drag
(“silly” hypothesis),
too much
deceleration.



Change in height (km)

Actual z(t)

just plain silly

I I
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Elapsed time (minutes)
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Black lines are actual
cloud trajectories.

If we reconstruct z(t)
using only buoyancy
(slippery hypothesis),
too much
acceleration.

If we use only drag
(“silly” hypothesis),
too much
deceleration.

Constant rise is given
by a balance between
buoyancy and drag
(sticky hypothesis).



Height from top of thermal (km)
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Why are cloud thermals are not slippery like Hill’s vortex?

Cloud thermal

| | |
0.5 0 0.5

Radius (km)

Hill's vortex is slippery thanks to its fore-aft symmetry,

o
Q

——

Height from top of thermal (km)

0.5

-0.5 0.0

-1.0

Hill's vortex

0.5 0 0.5
Radius (km)

a symmetry that real cloud thermals do not have.




In other words,
buoyancy is largely
balanced by drag
in mature cloud
thermals
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CLOUDS
OPTICALLY

GRI DDED BY

S TEREO

Published in the December 2018 issue of BAMS
NOT featured on the cover

But, we tried...
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Thickness of clouds at 18:00 UTC on August 31, 2017
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How accurate is COGS?



Height above ground level (m)
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What can COGS do?

For ShCu:

Cloud fraction
Cloud-base height
Cloud-top height

Cloud velocities
Cloud sizes

Cloud life cycle

etc.



Projected shallow-cloud fraction
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A short story about the tropical upper troposphere...



Jake Seeley




Why is there so much cloud cover in the upper troposphere?

Or, why do Cb resemble anvils?










At every height in the
atmosphere, there is a
specific humidity, g,

But, the interesting part is
the subsaturation, g,* — g,
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Seeley et al., “Formation of

tropical anvil clouds by slow
evaporation,” GRL, 2019




What does this story have to do with COGS?
To point out that cloud lifetimes matter
They matter for Cb, and they matter for ShCu

And, we can measure cloud lifetimes using COGS
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“active” (A) versus “forced” (F)

Operational definitions of: and
"thermal” (T) versus “plume” (P)

My, = mass of air that ascends through the cloud’s base
Myown = Mass of air that descends through the cloud'’s base
M = maximum instantaneous mass of the cloud

F = Mgown / My, = 1A

T = Mp /M, =1-P
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COGS can measure the cloud-base area,
which is needed to calculate M, and My,

COGS can also measure cloud mass,
which is needed to calculate M__,




1. Are clouds sticky or slippery?

4. Are clouds
® thermals or
sﬁﬁ plumes?

WORK IN PROGRESS

3. What sets cloud cover?



